Podocytes are highly specialized epithelial cells located at the outer aspects of the glomerular capillary tuft and critical components of the kidney filtration barrier. To maintain their unique features, podocytes express a number of proteins that are only sparsely found elsewhere in the body. In this study, we have identified four (Tmem234, Znf185, Lrrc49, and Slfn5) new highly podocyte-enriched proteins. The proteins are strongly expressed by podocytes, while other parts of the kidney show only weak or no expression. Tmem234, Slfn5, and Lrrc49 are located in foot processes, whereas Znf185 is found in both foot and major processes. Expressional studies in developing kidneys show that these proteins are first expressed at the capillary stage glomerulus, the same stage when the formation of major and foot processes begins. We identified zebrafish orthologs for Tmem234 and Znf185 genes and knocked down their expression using morpholino technology. Studies in zebrafish larvae indicate that Tmem234 is essential for the organization and functional integrity of the pronephric glomerulus filtration barrier, as inactivation of Tmem234 expression results in foot process effacement and proteinuria. In summary, we have identified four novel highly podocyte-enriched proteins and show that one of them, Tmem234, is essential for the normal filtration barrier in the zebrafish pronephric glomerulus. Identification of new molecular components of the kidney filtration barrier opens up possibilities to study their role in glomerulus biology and diseases.
THE RENAL ULTRAFILTRATION barrier is formed of fenestrated glomerular endothelial cells, the glomerular basement membrane (GBM), and podocyte cells. The podocyte is a highly specialized, terminally differentiated epithelial cell with unique morphological and functional features. Morphologically, the podocyte has a prominent cell body from which large cytoplasmic extensions, major processes, extend toward the glomerular capillaries. Major processes divide further to foot processes that attach to the GBM. Foot processes from neighboring podocytes interdigitate and enclose glomerular capillaries. Adjacent foot processes are interconnected laterally by highly specialized cell-cell junctions, slit diaphragms.
Podocyte major processes are structurally supported by a cytoskeleton composed of microtubules, the intermediate filaments, and microfilaments. Vimentin is a major molecular constituent of the intermediate filaments. Recently, we identified neuronal proteins Nfasc, Hip1, and Olfml2a to be components of podocyte major processes (18) . However, the molecular arrangement and the role of major processes in the biology of podocytes are still poorly understood. In foot processes, on the other hand, actin-rich microfilaments form the cytoskeleton core that interconnects three plasma membrane domains, the basal, the apical, and the slit diaphragm. All these three domains are critical for the maintenance of normal podocyte structure and function. Additionally, many actin-regulating proteins that associate with actin and that have important roles in the preservation of glomerular filtration barrier have been identified in foot processes (13, 17) .
Podocytes are critical components of the glomerular filtration barrier and key players in the development of many kidney diseases (9, 21) . This has been highlighted by studies in genetic renal diseases in which mutations in podocyte-associated proteins have been shown to be the causes of hereditary proteinuria syndromes. Besides rare inherited diseases, podocytes are believed to play a major role in many acquired renal disorders. Podocyte abnormalities, such as foot process effacement, are commonly observed in proteinuric disorders and are speculated to have an important role in the development of proteinuria (12) . Thus understanding of the molecular make-up of podocytes is of major importance for understanding the pathomechanisms of proteinuric disease.
We have previously made a major effort to characterize the transcriptome of the glomerulus, and identified a number of glomerulus-enriched genes (20) . In the present study, we have characterized in detail four novel glomerulus-enriched transcripts. We show that protein products of these genes are highly associated with podocyte cells in both mature and developing kidneys. By knocking down their expression in zebrafish, we show that a novel plasma membrane protein, Tmem234, located in foot processes is essential for the integrity of the glomerular filtration barrier in the zebrafish pronephric glomerulus.
MATERIALS AND METHODS

RT-PCR and qPCR
Expression in the mouse glomerulus. The expression of candidate genes in the mouse kidney was studied by RT-PCR using cDNA isolated from glomerular and the kidney fraction devoid of glomeruli. The glomerular isolation was performed as previously described (19) . Quantitative (q) PCR was performed using standard procedures using Fast SYBR Green (Life Technologies). Primer sequences were as follows (forward primers in upper case, and reverse primers in lower case): Tmem234: 5=-TGGCCATCGTCTTTACACT-=3, Tmem234: 5=-ggcccctgagatagacatga-=3; Znf185: 5=-CCGATGGGTGATCTC-CTAGA-=3, Znf185: 5=-cctggaagcaaggaactgag-=3; Lrrc49: 5=-GGCA-CAACCAGATCACCTTT-=3, Lrrc49: 5=-aatgttggctactcgctgct-=3; Slnf5: 5=-TTCTGCACTTGCCAATTCTG-=3. Slnf5: 5=-ccacctgctgtgtggttatg-=3; Gapdh: 5=-TGTTCCTACCCCCAATGTGT-=3, Gapdh: 5=-tgtgagggagatgctcagtg-=3; and nephrin: 5=-CCCCAACATC-GACTTCACTT-=3, nephrin: 5=-ggcaggacatccatgtagag-=3. Specific qPCR primers sequences were designed for SLNF5: 5=-TTGCCCG-TACCCTGAAGCAG-3=, SLNF5: 5=-ggattcggggtacactggca-3=.
Pronephric glomerulus isolation and expressional analysis in zebrafish. The expression of candidate genes in the zebrafish was studied by RT-PCR using cDNA isolated from the pronephric glomerulus and the zebrafish fraction devoid of the pronephric glomerulus. Larvae were euthanized with MS-222 at 96 h postfertilization (hpf), and the green fluorescent protein (GFP)-positive glomeruli were microdissected under a fluorescent microscope and put into RLT buffer for RNA isolation. The rest of the larvae, devoid of GFPpositive pronephric glomeruli, were also collected. Zebrafish qPCR was performed as aforementioned. Primer sequences are as follows: Tmem234: 5=-GGGCATTGAGGAAGTTCAGA-=3, Tmem234: 5=-tcctccagtcatggcacata-=3; Znf185: 5=-AAAACAGCACCTCAG-GCAGT-=3, Znf185: 5=-ggctctggtttgagctgagt-=3, Zfyve28: 5=-CACT-GAGCTGGACAGTCTGG-=3; Gapdh: 5=-cgttgagagcaataccagca-=3; and podocin: 5=-ATGCTTCCTGCGGAGATAGA-=3, podocin: 5=-gtctggaatgctagcgaagg-=3. Specific qPCR primers sequences were designed for Tmem234: 5=-GTGCCTGTGGTCAACTCCCT-=3, Tmem234: 5=-aatgccgtgcgtctcagaga-=3; GFP: 5=-ACCACTACCT-GAGCACCCAGTC-=3, GFP: 5=-gtccatgccgagagtgatcc-=3; nephrin: 5=-GGGCGAAGATTCTCTGGACA-=3, nephrin: 5=-aaatccgggcatccactcca-=3; B-actin: 5=-CGAGCAGGAGATGGGAACC-=3, B-actin: 
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Immunostaining
Normal human kidney samples were collected from human cadaver kidneys unsuitable for transplantation (due to vascular abnormalities, University Hospital of Helsinki, Helsinki, Finland). Human fetal kidney samples were from 20-wk-old fetuses, nonviable due to neural tube defects and hydrocephalus (University Hospital of Helsinki). The use of fetal and cadaver human kidney tissue was accepted by the local ethics committee (University Hospital of Helsinki, Helsinki, Finland). Immunofluorescence experiments were performed as described previously (14) . Antibodies for Tmem234, Znf185, Lrrc49, and Slfn5 were from Atlas Antibodies (22) . Polyclonal anti-human vimentin was purchased from Zymed Laboratories, and anti-human nephrin 50A9 has been described previously (16) . ␣-Smooth muscle actin (SMA) was purchased from Sigma and CD31 from Abcam.
Knockdown of Genes in Zebrafish Using Morpholino
Zebrafish were housed as previously reported (3) following European and Swedish animal husbandry and ethical guidelines. Morpholino injections using standard procedures were performed in podocin-GFP transgenic fish embryos (6) . Zebrafish were injected with standard negative control Mo: 5=-cctcttacctcagttacaatttata-3= designed by Gene-Tools. Morpholino sequences were as follows: Tmem234 (I1E2) 5=-cagacaaaacacttcacctggacga-3=, Tmem234 (I1E1) 5=-cttgttgacaccatgttttcgtttc-3=; and Znf185 (I2E4) 5=-tctgtctccctctgcaaacaaagc-3=. No more than 2 nl of morpholinos were injected at 150 mM for Tmem234 (I1E2), and at 200 mM for Tmem234 (I1E1), Znf185, and control morpholinos. A total of 1,219 control and 490 larvae were injected with Tmem234 (I1E2) morpholino. In addition, 602 larvae were analyzed for GFP positivity. Zfn185 (I2E4) was analyzed looking at 517 control and 524 morpholino-injected larvae. Zebrafish embryos were kept in E3 medium at 28.5°C and at 24 hpf were changed to E3 medium containing 0.003% wt/vol 1-phenyl-2-thiourea (PTU; Sigma-Aldrich). Rescue injection for Tmem234 was done with 40 pg/nl full-length mRNA for the mouse ortholog transcript where 653 control, 207 morpholino-, 159 rescue, and 231 mRNA aloneinjected larvae were analyzed.
Histological Analysis of Zebrafish Larvae
The histological analysis of the zebrafish pronephric glomerulus was performed in JB-4 embedded larvae using periodic acid-Schiff (PAS) staining and imaging with light microscopy. Samples were collected at 72 and 96 hpf and processed according to standard procedures. Transmission electron microscopy was performed on 96-hpf larvae fixed with glutaraldehyde following standard procedures.
Pronephric Glomerulus Quantification
Ten to twelve 96-hpf larvae from control and morpholino-injected larvae were histologically processed, stained, and imaged. Subsequently, the nuclei of each larvae's pronephric glomerulus were quantified. Statistical significance was determined using Student's t-test. 4 . Expression of Tmem234, Znf185, Lrrc49, and Slfn5 during glomerulogenesis as detected by immunofluorescence staining. A-D: strong immunoreactivity in developing glomeruli is observed for all proteins studied, and only a weak signal is observed in extraglomerular areas (E, I, and M). Tmem234 is first detected at the capillary stage glomerulus where it is found basally, partially colocalizing with nephrin. No signal is observed between developing podocytes, and no overlapping reactivity is detected with vimentin. (F, J, and N). Staining for Znf185 is detected in capillary stage glomeruli, where it is found both basally and apically. Overlapping reactivity is seen with both nephrin and vimentin (G, K, and O). Lrrc49 is first detected at the capillary stage glomeruli, where it is found at the basal aspects of developing podocytes. Staining partially overlaps with nephrin but not with vimentin. N-P: Slfn5 expression is observed at the capillary stage glomerulus, and it colocalizes with nephrin at the basal side of prepodocytes, No colocalization with vimentin is detected. Magnifications: ϫ20 (overviews), ϫ400 in single glomeruli, and ϫ2,000 in blow-ups.
Proteinuria Assay
A total of 35 control and 40 morphant 72-hpf larvae were successfully injected into the common cardinal vein with 10-kDa rhodaminelabeled dextran and 500-kDa FITC-labeled dextran in 0.2 M KCl as described before (1, 3) . Larvae were taken 16 h postinjection and fixed as described before (3) .
RESULTS
Previously, we have analyzed the glomerular transcriptome in detail and identified a number of glomerulus-enriched transcripts (20) . In this study, we investigated in detail four glomerulus-enriched transcripts (encoding for Tmem234, Znf185, Lrrc49, and Slfn5 proteins). These were chosen for analysis as their biology is poorly characterized, and the expression in the kidney has not been reported earlier.
RT-PCR and Immunofluorescence Analysis Identify Tmem234, Znf185, Lrrc49, and Slfn5 as New Molecular Components of the Podocyte
RT-PCR and qPCR experiments were used to confirm the highly podocyte-enriched expression observed in immunofluorescence experiments. All four transcripts were enriched in the glomerulus compared with the kidney fraction lacking glomeruli (Fig. 1, A and B) . The amplification of the Tmem234 transcripts gave a significant signal also in the kidney fraction lacking glomeruli, whereas other transcripts gave only a minimal or no signal in the nonglomerular fraction. Nephrin, used as a control for the purity of glomerular fractions, was detected only in the glomerulus. The signal for Gapdh, used as a loading control, was similar in both renal fractions.
Staining of adult human kidney sections with antibodies directed against Tmem234, Znf185, Lrrc49, and Slfn5 gave strong glomerular immunoreactivity, and only weak signals were detected in rest of the kidney (Fig. 2, A-D) . Double labeling with nephrin, a foot process marker, showed overlapping reactivity for Tmem234, Znf185, Lrrc49, and Slfn5 (Fig. 3, E-H) . Staining with the major process marker vimentin only showed colocalization with Znf185 (Fig. 3,  I-L) . No significant signal was observed in mesangial or glomerular endothelial cells for Tmem234, Znf185 Lrrc49, or Slfn5, as detected by double staining experiments with CD31 (Fig. 3, M-P) and SMA (Fig. 3, Q-T) . Taken together, Tmem234 and Slfn5 were localized in the glomerulus to podocyte foot processes, whereas Znf185 was detected in both podocyte major and foot processes. Lrrc49 occasionally colocalized with vimentin.
Expression During Glomerular Development
To validate the association of these proteins with podocytes, we analyzed their expression pattern during glomerulogenesis. Staining of human fetal kidney sections gave strong immunoreactivity in developing podocytes (Fig. 4, A-D) . The expression of all four proteins was first detected at the capillary stage glomerulus (Fig. 4, E--H) . At this stage, the formation of foot and major processes begins, and the earliest expression of podocyte markers, such as synaptopodin and podocin, are observed (10, 11) . At the capillary stage, Tmem234, Znf185, Lrrc49, and Slfn5 were colocalizing with nephrin at the basal aspects of prepodocytes (Fig. 4, I-L) . Znf185, on the other hand, colocalized also with vimentin during podocyte development (Fig. 4K) . To summarize, studies in glomerulogenesis confirmed the association of Tmem234, Lrrc49, and Slfn5 with foot processes as well as the association of Znf185 with both foot and major processes.
Zebrafish Orthologs and Their Expression
The zebrafish was chosen as a model to study the functional role of new proteins in the glomerular filter. First, we searched for zebrafish orthologs from the Ensembl database using the human or mouse protein sequences as a reference (5). For Tmem234 and Znf185, orthologs were identified, whereas no zebrafish orthologs were found for Slfn5 and Lrrc49. Therefore, no further studies were performed with Slfn5 and Lrrc49 in zebrafish.
Only a single zebrafish ortholog was found for Tmem234 and Znf185 (ENSDARG00000078333 and ENS-DARG00000057726, respectively). Protein sequence identity between zebrafish and human Tmem234 proteins was 52% (Fig. 5) . For Znf185, protein sequence identity was only 17% (Fig. 6) , whereas the residues with a conserved or semiconserved function was 48% (377/791). The genomic locus of znf185 was conserved between human and zebrafish. Two neighboring genes, nsdhl and cetn2, were found in both genomes in the same orientation next to znf185 (data not shown). This, together with the sequence conservation, indicated that ENSDARG00000057726 was the real ortholog of znf185.
The pronephric glomerulus expression of Tmem234 and Znf185 was confirmed using RT-PCR (Fig. 7A) . Strong expression for both genes was detected in the pronephric glomerulus, whereas a weaker or no signal was observed in the zebrafish fraction lacking glomeruli. The distribution pattern was similar to that of podocin, a known podocyte marker. GAPDH, used as a loading control, showed similar signal in both fractions. The purity of the pronephric glomerulus fraction was confirmed using qPCR for nephrin, podocin, and GFP (Fig. 7B ). This experiment also validated the expression of Tmem234 in the pronephric glomerulus.
Knockdown of Zebrafish Orthologs
Morpholinos were designed to knock down the expression of Tmem234 (I1E2) and Znf185 orthologs in the zebrafish. The primary strategy was to target the splice acceptor sites early in the gene. To assess whether knockdowns affected the pronephric glomerulus, the presence of GFP expression in transgenic podocin-GFP larvae was screened. The transgenic zebrafish line expressing GFP in podocytes has been described previously (6) . A decreased GFP expression in a living fish was considered as a sign of podocyte and pronephric glomerulus injury.
First, the knockdown of genes was confirmed by performing qPCR analyses of control and morpholino-injected larvae. The experiments showed successful downregulation of gene expression for Tmem234 (I1E2) and Znf185 (Fig. 8A) . Macroscopically, Tmem234 (I1E2) morphants exhibited mild pericardial edema at 72 hpf that progressed slightly by 96 hpf (Fig. 8D ) compared with control larvae (Fig. 8B) . GFP positivity in pronephric podocytes was often lost in the morphants (Fig. 8D, inset) . Light microscopic examination of morphants confirmed the pronephric glomerulus abnormalities, as an enlarged Bowman's space with a disorganized glomerular architecture was observed (Fig. 8E ) compared with control larvae (Fig. 8C) . The absence of podocyte GFP expression in Tmem234 morphants suggested that their pronephric glomerulus and podocytes were affected.
Although 48% of Znf185 morphants presented slight to moderate pericardial edema (Fig. 8F) , podocin GFP expression in Znf185 morphants was unaffected. (Fig. 8F, inset) In the pronephric glomerulus, a minimal enlargement of Bowman's space was evident, but the capillary tuft appeared normal (Fig. 8G) .
Analysis of Tmem234 Morphants
As Tmem234 (I1E2) morphant fish exhibited obvious pronephric glomerulus abnormalities, we analyzed the morphants in more detail. Only 42% had detectable podocyte GFP expression in the pronephric glomerulus as detected in living fish (42 Ϯ 2%, Fig. 9A ). This was in clear contrast to control larvae that exhibited podocyte GFP expression in 93 Ϯ 5% of cases. To analyze this further, we coinjected Tmem234 morpholino with a mouse Tmem234 mRNA. GFP expression was partially rescued with the mouse mRNA, as 81% of embryos coinjected with Tmem234 mRNA expressed GFP (Fig. 9A) . Cross-species rescue validates the orthology between mouse and zebrafish Tmem234. This experiment indicated that the loss of GFP was due to the knockdown of Tmem234. The expression of GFP was confirmed with qPCR, where we observed the downregulation of GFP compared with controls (Fig. 9B) . Of note, no significant downregulation of GFP expression was detected in Znf185 larvae (Fig. 9B) .
The histological analysis was complemented by counting the number of cells in the pronephric glomerulus manually. This showed a significant reduction in the number of pronephric glomerular cells in Tmem234 (I1E2) morphants (Fig. 9C) .
Tmem234 (I1E2) morphants were also evaluated at the ultrastructural level. In electron microscopy, foot process effacement was evident in the morphant pronephric glomerulus (Fig. 10, A and B) . The slit diaphragms interconnecting remaining foot processes, the GBM, and endothelial cells appeared unaffected.
Filtration Assay
To elucidate whether abnormal pronephric glomerulus structure in Tmem234 (I1E2) morphants had functional consequences to the filtration barrier, we injected zebrafish larvae with FITC-labeled 500-kDa dextran into the common cardinal vein at 72 hpf. Rhodamine-labeled 10-kDa dextran was used as a positive control (Fig. 10C) . In wild-type zebrafish, only 10-kDa dextran was detected in the tubuli (Fig. 10, C and E) . In contrast to this, FITC-labeled 500-kDa dextran was detected in the tubuli of Tmem234 morphants (Fig. 10, D and F) . This was observed at both 72 and 96 hpf in 63% of the larvae injected, whereas none of the control larvae showed the 500-kDa dextran in the pronephric tubules. Thus knockdown of Tmem234 (I1E2) in zebrafish compromised the functional integrity of the glomerular filtration barrier. Fig. 7 . A: expression of zebrafish orthologs in the pronephric glomerulus and the rest of the fish fraction (ROF). Tmem234 and Znf185 are all expressed by the pronephric glomerulus, whereas only a weak signal or no signal is detected in the fish devoid of pronephric glomeruli. A similar expression pattern is observed for a known podocyte marker, podocin. GAPDH was used as a loading control. B: expression of Tmem234, podocin, green fluorescent protein (GFP), and nephrin as studied with qPCR from isolated pronephric glomeruli of podocin-GFP larvae confirms the enrichment of Tmem234 in the zebrafish pronephric glomerulus. Nephrin and ␤-actin were used as controls.
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Validation of Zebrafish Phenotype
The activation of the p53 pathway has been shown to be a common cause of off-target effects in zebrafish morphants (15) . To exclude this possibility, we coinjected Tmem234 I1E2 with a p53 morpholino. The p53-coinjected larvae showed no difference in the severity of the phenotype (Fig. 11, A and B) , suggesting that activation of p53 was not contributing to the observed phenotype. Furthermore, we designed another morpholino targeting another part of the Tmem234 gene. Larvae injected with the second Tmem234 morpholino (E1I1) had a similar although somewhat milder phenotype than Tmem234 (I1E2) morphants. This included mild pericardial edema and decreased expression of podocyte GFP (Fig. 11, C and D) .
DISCUSSION
Using our previous microarray profiling approach as a platform (19) , we have in this study identified four novel highly podocyte-enriched proteins. We used zebrafish as an in vivo model to study the role of new podocyte proteins in the kidney filter. No orthologs for Lrrc49 and Slfn5 were found in zebrafish, whereas orthologs for Tmem234 and Znf185 were identified and inactivated using morpholinos. We used devel- oping larvae of a transgenic fish line expressing GFP under the podocin promoter (6) , wherein the decreased expression of GFP suggests either podocyte loss or dedifferentiation. In Znf185 morphants, podocyte GFP expression was unaffected, and podocyte integrity was confirmed by nearly normal pronephric glomerulus morphology in histological examination. In contrast to this, Tmem234 morphants exhibited loss of podocyte GFP and glomerular disorganization. In electron microscopic analysis, the pronephric glomerulus exhibited foot process effacement, a histopathological change associated with proteinuria. To examine the functional consequence of Tmem234 loss, we performed a filtration assay using fluorescence-labeled 500-kDa dextran. In Tmem234 (I1E2) morphants, 500-kDa dextran was detected in tubular cells of the pronephros, indicating that the pronephric glomerulus filtration barrier was leaking. Thus Tmem234 was essential for the maintenance of the intact pronephric glomerulus filter in zebrafish larvae.
Tmem234 is predicted to be a membrane-associated protein with a hairpin structure with both C-and N-terminal parts extending toward the extracellular space. The expression or function of Tmem234 has not been studied previously. We saw that Tmem234 was strongly expressed by podocytes wherein it localized to podocyte foot processes. During podocyte development, Tmem234 was located at the basal aspects of prepodocytes and not between cells, where developing slit diaphragms are found. In addition, no signal in the apical membrane of podocytes was detected. These results, together with the fact that Tmem234 is predicted to associate with the plasma membrane, suggest that Tmem234 is a component of the basal plasma membrane domain of podocytes. Unfortunately, we could not validate this at the electron microscopic level, as Tmem234 antibodies available did not give reliable results in immune-electron microscopy. The impairment of podocyte GBM adhesion via integrins results in foot process effacement and proteinuria (8), a phenotype that is similar to that observed in Tmem234 morphants. Therefore, it is plausible to speculate that Tmem234 may be involved in podocyte GBM adhesion.
The biology of Znf185, Lrrc49, and Slfn5 is, on the other hand, to date so poorly understood that it is too early to speculate on their role in podocytes.
Manipulation of protein expression in zebrafish using morpholinos is a well-established technique. However, the method requires proper controls and careful evaluation of morphant phenotypes. For example, morpholinos can bind nonspecifically, inactivating other genes, the penetrance of the phenotype might be incomplete, and the effect is diluted over time. We coinjected the Tmem234 I1E2 morpholino with the p53 morpholino, as it has been reported that one the most common off-target effects in zebrafish larvae is due to p53 activation (15) . We observed no increase or decrease in the penetrance or severity of our phenotype. To further evaluate the specificity of the Tmem234 morpholino phenotype, we used mouse Tmem234 cDNA to rescue the phenotype. The rescue experiment indicated not only that the phenotype was due to inactivation of Tmem234 but also that the function of Tmem234 protein is conserved between the two species.
Recently, Kok et al. (7) compared the phenotypes generated by morpholinos to those of corresponding mutants in zebrafish. In the study, they analyzed general vascular genes/phenotypes and observed that morpholino phenotypes often were different from those seen in mutant zebrafish. The reasons for this can be many, including for instance off-target effects of morpholinos or the induction of different compensatory mechanism in morphants and mutants. In our study, we analyzed pronephros in fish that had intact circulation and heart function. It is likely that the pathogenesis of pronephric phenotypes is very different from those involved in the general vasculature. Therefore, the discrepancy observed in common vascular phenotypes may not be the same as in the case of the pronephric glomerulus. For instance, the mutant phenotype for the podocyte gene crb2 phenocopies the pronephros changes observed in morphants (2, 3) . To summarize our results, we have identified four new highly podocyte-enriched proteins. Knockdown experiments in zebrafish showed that of one of them, Tmem234, was needed for the integrity of the pronephric glomerulus filtration barrier, suggesting that this protein has an important role in the maintenance of the renal ultrafiltration barrier. Further studies are needed to clarify the role of novel podocyte proteins in the biology and diseases of the kidney filter. 
